Objective: We seek to determine the optimized multidisciplinary care team (MDCT) composition for antiretroviral therapy (ART) adherence.
INTRODUCTION
HIV/AIDS has progressed to a complex, chronic manageable disease in many nations. 1, 2 However, estimates are that only 19% of all HIV-positive patients in the United States have maximal virological control (HIV RNA level below limits of quantification of the assay, "BLQ"). 3 Although the exact level of antiretroviral therapy (ART) adherence necessary to achieve BLQ is debated, it is widely accepted that ART adherence can be influenced by factors at the patient, provider, and system levels. 4 In the United States, HIV care is often provided by an HIV multidisciplinary care team (MDCT), comprising varying professionals including nurses, pharmacists, case mangers, and social workers. The composition of these teams can vary greatly by clinical site; yet, the impact of this varied composition on ART adherence has not been determined. 5, 6 Improved ecological or system factors including access to optimized multidisciplinary care should improve the individual's health care, thus improving the individual's willingness to adhere to the treatment program. 7, 8 The Department of Health and Human Services guidelines for use of antiretroviral agents recommend a health care team approach with nurses, pharmacists, and peer counselors to improve adherence to ART but provide no further specific recommendation. 9 Recommendations for HIV MDCT have stemmed from studies that show that MDCTs are associated with increased receipt of ancillary services results and more patients with HIV seeking and remaining in care. 10, 11 In addition, US health care reform has given renewed emphasis on the "patient-centered medical home," of which HIV MDCT (as in Ryan White Part C clinics) can be a paradigm.
Typically, HIV MDCT comprises at least a physician, nurse and/or case manager, and often a clinical pharmacist. 13, 14 Other personnel cited as beneficial are nurse practitioners, 15 mental health workers, 16 social workers, 17, 18 dieticians, 19 health educators, 14 and transportation service consultants. 13, 20 Although some studies have shown benefit to MDCT, 13, 14, 21, 22 studies did not measure ART adherence, nor account for the contribution of MDCT components in their analyses. Kaiser Permanente (KP) is one of the largest providers of integrated HIV care in the United States. Although KP endorses an HIV specialty and multidisciplinary model of HIV care, our clinic compositions are quite diverse and include some clinics where an MDCT is not present. The primary goal of our study was to explore which combinations of MDCT components are most associated with maximal ART adherence, when compared with the HIV/infectious disease (ID) specialist without an MDCT. We also sought to examine which MDCT combinations were associated with improvements in other HIV-related outcomes.
METHODS

Study Design
We performed a retrospective cohort analysis of all new ART regimen starts in KP California from 1996 to 2006 and followed through 12 months after initiation. We determined which components of the MDCT (clinician, clinical pharmacist, nurse manager, non-nurse care coordinator, dietician, social worker/benefits counselor, mental health worker, clinical health educator) were most influential on maximal ART adherence. We determined the optimized MDCT associated with maximal ART adherence. We also determined if the optimized MDCTs for adherence were associated with improvements in other HIV-related outcomes, including achieving HIV RNA BLQ, changes in CD4+ counts, and odds of new AIDS-defining events.
Subjects
KP California is an integrated health care system serving 18.3% of the California population and 12.3% of its HIV-infected population. Patients in our system receive multidisciplinary health care, including HIV specialty care. The HIV-positive population in KP is demographically representative of the state 23 ; data indicate that members overall are very similar to the general population with regard to age, gender, and race/ethnicity, with only slight underrepresentation of those in lower and higher income and education categories. 24 We identified all HIV-positive patients at least 18 years old initiating a first or new ART regimen dispensed from a KP pharmacy in the years 1996-2006, where HIV RNA before starting the new regimen was above lower limits of quantification. We classified the patients associated with the ART regimen as antiretroviral naive if they had no record of any prior antiretroviral regimen; otherwise, new regimens were classified as among ART-experienced patients. We defined an ART regimen among ART-naive patients as $3 antiretroviral drugs used in combination as defined by the Department of Health and Human Services guidelines, 9 with ritonavir at doses #400 mg/d not considered an active drug in the regimen. New regimens among ART-experienced patients were defined as $2 antiretroviral drugs not previously used. Eligible patients had $6 months KP membership before initiation of the first or new regimen for baseline values to be determined and presence of antiretroviral history to be established.
Measurements
We surveyed each medical center in KP California to determine the presence of MDCT components of interest at that medical center in each year from 1996 to 2006. Components of interest were as follows: HIV or ID specialist (MD/DO, HIV nurse practitioner, HIV physician assistant), HIV nurse case manager, non-nurse care coordinator, clinical pharmacist, social worker (or benefits coordinator), dietician, health educator, or mental health worker. Components were counted as present if they had a formal assignment to the HIV clinic. We determined whether providers were an HIV specialist according to either HIV Medicine Association or American Academy of HIV Medicine definitions. 25, 26 Using the data collected in the survey, we identified the components of the MDCT available to a particular patient at the time of his or her ART regimen initiation.
KP pharmacy records provide details of each antiretroviral dispensed to a patient, which allowed us to assess date of first antiretroviral prescription fill and regimen composition, and also identify refills for patients during study follow-up. Adherence to the ART regimen over the 12-month observation period was calculated using established methods developed for administrative pharmacy databases. These methods account for all the component medicines of an individual patient's ART regimen. [27] [28] [29] This measure of adherence is computed across all antiretroviral medications as the number of doses in an interval (bounded by a first and last fill date of drug, requiring at least 2 fills per drug) for which the patient has drug in possession as a percentage of total intended doses in the span between the first and last filling. The computation takes quantity supplied and frequency of dosing into account. Employing pharmacy records to ascertain ART adherence has been validated and widely used in previous studies at other institutions and KP. [30] [31] [32] [33] We classified ART regimens as nonnucleoside reverse transcriptase inhibitor (NNRTI) based, nucleoside reverse transcriptase inhibitor only, protease inhibitor (PI) based, PI + NNRTI, or new class.
We measured HIV RNA closest to and before regimen initiation and closest to 12 months after initiation. We defined BLQ as ,500 copies per milliliter through 2000 and ,75 copies per milliliter subsequently. We also recorded all clinical AIDS-defining events (1993 Centers for Disease Control and Prevention classification except CD4 count ,200/mL) 34 and all CD4+ counts at regimen initiation and through 12 months after initiation. In addition, we recorded gender, race/ethnicity, HIV risk behavior, coinfection with hepatitis C virus, and the year the first/new ART regimen was initiated.
Statistical Analyses
We used recursive partitioning to determine potential MDCT combinations that had maximal ART adherence through 12 months, the a priori primary outcome for the study. We constructed a regression tree using standard classification and regression tree (CART) methodology, a commonly used tool for identifying interactions (in this case, the different components of MDCT and their combined effects on ART adherence), providing clues to data structure that might not be apparent from linear regression analysis. 35, 36 A regression tree is built through a process known as binary recursive partitioning, an iterative process of splitting groups of patients (parent node) into 2 groups (child nodes) on the basis of an independent variable (eg, MDCT component · present vs absent and its effect on percent 12-month adherence), and then further splitting each new node into 2 groups. For a given node, the tree algorithm considers every possible binary split on every variable under consideration, choosing the split that partitions the data into 2 parts such that it minimizes the sum of the squared deviations from the mean adherence in the separate parts. The partitioning is then applied to each of the new nodes, continuing until each node reaches a user-specified minimum node size (or if the sum of squared deviations from the mean within a node is 0), specified here as n = 5, thus becoming a terminal node. Each terminal node will have a unique combination of MDCT components ( Fig. 1) . Generally, this process results in very large trees suffering from overfitting (ie, it is "explaining" random elements of the data that are not likely to be features of the larger population). Using 10-fold cross-validation, the tree is "pruned" to obtain a set of mutually exclusive and exhaustive groups of patients characterized by different combinations of MDCT components, selected to minimize unexplained variance (sum of within-node variance across terminal nodes) and complexity (number of terminal nodes). In this analysis, for parsimony (ie, fewest number of terminal nodes), we chose the smallest tree within 1 standard error of the best-performing tree.
Mixed effects linear regression was used to examine the association between ART adherence and the terminal node MDCT combinations identified in the CART analyses, with clustering by medical center and provider and adjusting for ART experience, age, gender, race/ethnicity, HIV risk behavior, hepatitis C status, ART regimen class, and year of regimen initiation, compared with the HIV specialist only. We further analyzed only the MDCT teams found most associated with improved ART adherence. We employed mixed effects logistic regression to assess odds of achieving BLQ and odds of new AIDS-defining events (compared with the HIV specialist only) among these more limited MDCT combinations. Change in CD4+ count in the 12-month follow-up period among these more limited MDCT combinations was examined employing mixed effects linear regression models, using all available repeated measurements per patient during follow-up, again compared with specialist only. These analyses were adjusted for the same potential confounders as in the adherence analysis, with the addition of further clustering by patient in the longitudinal CD4+ count analyses. The CD4+ count analyses used linear splines, allowing for different slopes in the 2 periods of 0 to 90 days and the latter 270 days, in methodology previously employed by the authors. 32 Analyses were conducted using CART Pro 6.0 (Salford Systems, San Diego, CA) and Stata10 (Stata Corp, College Station, TX).
We obtained approval from KP Institutional Review Boards, which waived the requirement for informed patient consent.
RESULTS
We analyzed data on 10,801 regimen starts among 9669 unique patients. Of those regimen starts, 7071 were first regimen starts among ART-naive patients and 3730 were new regimen starts among ART-experienced patients. A total of 1742 naive patients also contributed data as experienced patients when they started a subsequent new regimen. Characteristics of the patients at regimen start are shown in Table 1 . Patients contributing data were predominantly male, men having sex with men, and a majority was Caucasian. The vast majority of patients were started on NNRTI-based or PI-based regimens. Consistent with KP practice, a large majority of patients were exposed to an HIV or ID specialist (Table 1) . However, the HIV clinics were quite heterogeneous, with a wide variation of exposure to individual components of the MDCT.
The recursive partitioning results are shown in Figure 1 . The first splitting variable was the clinical pharmacist. The eventual potential combinations (12 terminal nodes including HIV/ID specialist only) identified in the CART analysis are quite varied. For example, 2 of the potential MDCTs were clinical pharmacist or nurse case manager with primary care provider, and other combinations were a clinical pharmacist or nurse case manager along with a social worker or a non-nurse care coordinator and primary care provider.
Five MDCTs, when compared with the HIV specialist only, were found to have statistically significantly greater ART adherence with linear regression modeling ( Table 2) . The clinical pharmacist with primary care provider was associated with a mean 3.3% improved adherence (P = 0.01). In the modeling, the clinical pharmacist was the only single allied health professional with a physician found to have a statistically significantly improved adherence. The highest mean improved adherence was with the pharmacist plus non-nurse care coordinator plus primary care provider (8.1%, P = 0.003). Three other MDCT combinations with significantly improved adherence were nurse plus social worker/benefits coordinator plus primary care provider (7.5%, P , 0.001), pharmacist plus social worker/benefits coordinator plus primary care provider (5.7%, P , 0.001), and HIV/ID specialist plus mental health worker (6.5%, P = 0.001). Of note, these 5 combinations were not found to be statistically significantly different from each other (Wald test, P = 0.29).
We analyzed these 5 MDCT combinations for increased odds of achieving BLQ or new AIDS events in the first 12 months of follow-up (Table 3) . Although 3 of the MDCTs in unadjusted analyses had significantly increased odds of BLQ compared with the specialist only, these results attenuated in adjusted analysis (Wald test: unadjusted P , 0.001, adjusted P = 0.08). We did not find any statistically significant association between these MDCTs and odds of new AIDS events in either unadjusted or adjusted analyses.
We performed a similar analysis for change in CD4+ count through 12 months (Table 4 ). There was no association between MDCTs and change in CD4+ count for either the 90-day period or the subsequent 270-day period (P = 0.19 for the 90-day period and P = 0.07 for the 270-day period). The MDCT with clinical pharmacist plus primary care provider had statistically significant increases compared with the specialist only in both time periods (P , 0.001 and P = 0.02, respectively). In adjusted analysis, statistically significant covariates associated with change in CD4+ count were younger age, later year, NNRTI class, and injection drug use (but injection drug user negatively associated).
DISCUSSION
This study uses a novel approach to analyzing the many components of the HIV MDCT on ART adherence. We determined that several MDCT combinations had a positive influence on adherence, compared with the HIV/ ID specialist alone. Although we did not see a consistent improvement in odds of BLQ or new AIDS events among the groups found significantly associated with improved adherence compared with the HIV specialist only, we did see with the clinical pharmacist plus non-HIV-specialized primary care provider a significant increase in CD4+ counts through the 360 days of follow-up.
Our finding that team members other than the HIV specialist would have a significant impact on ART adherence is supported by prior studies indicating that doctors do not necessarily emphasize adherence in their patient interactions, including HIV care providers. 37 Clinical pharmacists are trained to help patients manage and adhere to complex medication regimens. 38, 39 In an earlier study, we showed that clinical pharmacists improved adherence and decreased outpatient office visits among patients both antiretroviral naive and experienced patients. 32, 40 Our earlier research with HIV clinical pharmacists also indicated that there was an interaction with provider experience, prompting us to initiate this study.
The potential MDCT combinations shown here associated with improved adherence are consistent with the literature. Earlier studies indicate that nurses improve patient adherence knowledge. 41 The nurse case manager and social worker have different scopes of practice, but each help address patient unmet needs, which should improve the likelihood of being adherent to medications. The same reasoning would apply to the clinical pharmacist plus the social worker or plus the non-nurse care coordinator. The HIV specialist and mental health worker could address different significant impacts on the patient's ability to adhere to treatment plans and regimens. Of course, another primary outcome (like care retention) may derive different results.
We did not specifically designate a case manager among our MDCT components of interest because many FIGURE 1. Regression tree of potential MDCT combinations that had maximal ART adherence through 12 months after regimen initiation. The tree was "pruned" to obtain a set of mutually exclusive groups of patients characterized by different MDCT components with minimized unexplained variance. For parsimony, we chose the smallest tree within 1 standard error of the bestperforming tree.
different personnel in KP function in that role, including the nurse, non-nurse care coordinator, social worker, clinical pharmacist, and others, depending on the clinic's structure. The ability of many different personnel to have the case manager role has made prior research in this area problematic. 13, [42] [43] [44] However, the activities of case management in a medical system, including improving access to and retention in care, treatment plan adherence, and meeting unmet patient needs, 13, 45 are likely represented by the personnel found to be associated with improved adherence in this studyobviating the need for a specifically designated case manager in all clinics.
There is a lack of prior research on health educators, dieticians, and social workers in the area of HIV MDCT and improved outcomes. 13, 14, 18, 19 We found improved adherence with the social worker when combined with both the nurse and the clinical pharmacist, demonstrating a likely synergy of roles. Given the many tasks that social workers provide (including arranging housing, transportation, insurance benefits, and medication availability), our results are not surprising. We were disappointed to find that neither dieticians nor health educators were specifically associated with improved adherence, but it is possible that their services could be associated with improving other HIV-related outcomes.
We acknowledge a few limitations to our study. A small percent of patients (,5%) do not receive their medications through our pharmacies. It is possible that their adherence results could be quite different, but this is unlikely. It is also possible that some patients use outside case management services and the impact of those services are not considered adequately, but this likelihood is quite low with our total integrated care system. As with all observational studies, there could be residual confounding, but we have accounted for the most significant factors in ART adherence and even account for provider-level and system-level factors, the contributions and interactions of which are rarely considered. Also, some patients could have self-selected which clinic to attend based on the MDCT composition, but most patients in KP select their clinic based on geography. We likely see some confounding by indication in our results. This is especially true for mental health because patients with mental health issues were likely referred to the mental health specialist (and medical centers where they were located); patients with mental health issues have previously been shown to have lower adherence. 46 There are parts of the CART analysis where mental health was associated with reduced adherence, although it is unlikely that mental health providers would have such a negative impact on adherence. In fact, our prior research has shown that HIV-positive patients with depression but on antidepression (selective serotonin reuptake inhibitor) medication had ART adherence similar to HIV-positive patients without a depression diagnosis. 46 This will require further study but should not take away from the key findings of the study.
We employed a retrospective observational cohort design. We believe that this is justified because patient-MDCT component interaction is likely more than just assigned visit times (phone calls, "curbside" interactions as examples of unrecorded "visits"). Furthermore, it is likely (and probably desirable) that there is an ongoing "intercomponent" education, leading to improved practices by all team members, and not just that single component; this would not be captured if only designated visits were used in our analysis. Ideally, a prospective clinic-based trial, comparing the different MDCTs found significantly associated with improved adherence, should be the next step.
We accounted for common patient-level and medication-level factors associated with ART adherence, including age, gender, HIV risk, race/ethnicity, regimen class, and temporal trend. 4 We have previously shown that more recent ART regimens may have a greater impact on adherence than provider experience. 47, 48 However, it is clear that these factors do not account for all the impact on ART adherence. Our work demonstrates that there is a significant and measurable impact of ecological (system of care) factors on patient-level HIV-related outcomes. There is little research in HIV or other chronic conditions in this area. Our results demonstrate that there is a great opportunity for care and health outcome improvement with such exploration. With US health care reform, improving patient outcomes is a necessity; and often, this starts with improved treatment adherence. Furthermore, health care reform places a strong emphasis on the patientcentered medical home. 49 Optimized MDCT is a key element of the medical home model. We demonstrate options for such core parts of the medical home.
Our results have implications for the US National HIV/ AIDS Strategy (NHAS), released in 2010. 50 A goal of NHAS is to increase the number of HIV-positive Americans on ART For first 90 days, comparing these MDCTs, P = 0.19; for latter 270 days, P = 0.07. Mixed linear regression with splines (0-90 days and 91-360 days) with clustering by medical center, patient, and provider. Adjusted for ART experience, age, gender, race/ ethnicity, HIV risk, hepatitis C virus coinfection, ART regimen class, and temporal trend.
CI, confidence interval.
and increase the percent with maximal viral control. Although clinicians will always be the MDCT member who ultimately determines which patients should be on medications and which ART regimen to use, our results indicate that other team members have integral roles in ensuring the treatment's success, including adherence and improved outcomes. However, in times of constrained revenues and expensive care (total HIV care costs can be .$24,000/yr), 51 it is tempting to think that the solo practitioner or specialist is all that is needed. Our results would indicate otherwise. Furthermore, some of the MDCT combinations discovered here may be less costly per year than just the specialist alone who might experience a higher rate of failed regimens because of poor ART adherence. 52 CART analysis can be successfully employed to help discover potential optimal care teams for adherence-related outcomes. We believe that the methodology applied here should be investigated for other HIV-related outcomes, especially those found in NHAS and improved health care quality. For example, NHAS calls for increased accessing care at time of HIV diagnosis and increased retention in care. The HIV MDCT could be optimized through this methodology for such desirable outcomes.
